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TURF

EVENT DESCRIPTION

DATE:

TIME OF ORIGIN:

YIELD:

MAGNITUDE:

LOCATION:

ENVIRONMENT:

COMPUTED EPICENTER:

24 April 1964

20:10:00.22

4.95 ¥ 0.35

Site: Nevada Test Site

Geographic Coordinates:
o [} 1]

Lat: 37°08'59" N

Long: 116°03'19" W

Geologic Medium: Alluvium
Surface Elevation: 4260 Feet
Shot Elevation: 2587 Feet
Shot Depth: 1673 Feet

All Stations

Geographic Coordinates:
Lat: 37°04'48" N
Long: 116°14'38" W

Time cf Origin: 20:10:04 .82
Depth: 44.9 km
Epicenter Shift: 18.3 km, N 246° E



Coda Station

sre
EK-NV Euraka. Navada +
MN-NV Mina, Navada +
YN-UT Kanab, Utah +
5G6-AZ Seligman, Arisona I
JR=-AZ Jarome, Arizona +
10-A2 Long Vallay, Arizona +
vl g::::v:::;;f Arizona *
SN-AZ Sunflower, Arizona +
KR-AZ Kohl's Ranch, Arizona 1
WO-AZ Winalow, Arizona +
NlL-AZ Naxlini, Arizona +
GE-AZ Glebe, Arizona +
28 % g;:::v::;:; vtah *
HL2ID Hailay, Idaho +
DR-CO Durango, Colorado +
PI-WY Pinadala, Wyoming +
SHS0 ;l];::r:::::’;tnomon +
1o-MM Laa Crucas, New Maxico +
RT-NM Raton, Naw Maxico +
FR-MA forsyth, mintan: +
TK=-WA Tonaskst, Washinyton +
GI-MA Glendiva, Moniana +
JU-TX Juno, Tsxaa +
Y e .
N-ND Ryder, North Dakota +
GV-TX Grapevina, Taxaa +
HH-ND Hannah, North Dakota +
EB-T g:::d:nlntnl. Manitoba, o
JE~LA Jena, Louiaiana +
RK-ON Rad Laxa, Ontario, Canada +
EU-AL Eutaw, Alabama -
CPR0 ervatory, Tannessss 2
BL-WV Backlsy, Wsst Virginia +
rH-wV Franklin, Wast Virginia
4R-PA Berlin, Pannsylvania +
DH-NY Dalhi, New York +
LS-NE  Lisbon, Naw Hampshirs -
HN-ME Houlton, Maina +
HW-18 Kamusla, Hawaii -
S *
LZ-pv Lo Paz, Bolivia +
00-NW Oalo, Norway ?
GG-GR Grafanberg, Germany +
Inoperativa - Mo Signal

+wE -

$Signal

Mo Inatruments
Primary Timing

?
*

Quaationabla Signal
Magnatic Tape Availabla

Station Status Report - TURF

Taple 1

Tape

Timing
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Introduction

A long range seismic measurements (LRSM) program was
established under VELA-UNIFORM to record and analyze short-
period and long-pericd data from a pl:nned series of U. S.
underground nuclear tests. These, and other data, will be
used by VELA-UNIFORM participants for studying and develop-
ing methods for distinguishing between explosive and
eal .hquake sources.

The purpose of this report is to provide an analysis
of data resulting from the TURF event from the LRSM film
seismograms from operating mobile field teams; Wichita
Mountain Observatory, Oklahoma (WMSO), Uinta Basin Observa-
sory, Utah (UBSO), Blue Mountain Observatory, Oregon (BMSO) ,
Cumberland Plateau Cbservatory, Tennessee (CPSO), and Tento
Forest Observatory, Arizona (TFSO); and from several experi-
mental or temporary stations operated in connection with

other research programs.

Instrumentation and Procedure

Instrumentation at cach of the mobile stations con-
gists of three-component short-period Benioff and three-
component Sprengnether long-period seismographs. Data are

recorded on 3% millimecer £ilm and on one-inch l4-channel

R e
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magnetic tape. All of these stations are equipped to record
WWV continuously in order to provide accurate time control.
Calib.--ation is accomplished once each day and just pricr to
each stot at operatirg settings. Specific details of the
instrumentation and operating procedurez for these stations

are given in Field Manual, Long Range Seismic Measuileéement

Program, Technical Report No. 63-17, which can be obtained
from the 3eotech Division of Teledyne Industries, Inc.,
Dallas, Texas. All the observatories have both long-period
and short-period, three--component instrumentation in ad-
dition to their other specialized facilities.

Station site information is presented in Appendix
I(A). This includes the station name and code; the geo-
graphic coordinates, distances and azimuths involved: the
station elevations; and the type of instruments in use at
each location.

A status report for TURF is included in Table 1,
placed opposite the operatiocns map, Figure 1. This report
gives the names of 43 stations and indicates waich instru-
ments were operational and which recorded usable sic¢aals.

An explanation of the procedure for amplitude measure-

ments used in this report is illustrated in Appendix II.
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The unified magnitude (m) computations for distances less
than 16° are based on AFTAC/VSC extensions of Gutenberg's
Talles*. For this purpose, points from 10° to 16° were read
from a curve in the Gutenberg-Richter paper and an inverse
cube relationship was used to extrapolate from two to ten
degrees. A table of the distance factors (B) is provided in
Appendix I(B).

Appendix III quotes the Techinical Working Group II
(TWG II) first motion criteria, and includes diagrams illus-
trating the elements involveu in determining a compression
or rarefaction where satisfactory measurements can be made.

A standaru hypocenter location program for a digital
computer has becn used to determine the location using data
from all stations analyzed. Best-fit values of latitude,
longitude, depth of focus, and time of origin are determined
statistically by a least squares technique. This utilizes
a Jeffreys-Bullen travel-time curve as modified by Herrin in
1961 on the basis J,f Pacific surface-focus recordings. Pre-
cision of the¢ computation is limited primarily by the accuracy

of arrival times, the validity of the standard travel-time

-4 -

*Gutenberg, B. and Richter, C. F., Magnitude and Energy of
Earthquakes, Ann. Geofis., 9 (19.6), pp. 1-15.
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curve, and by local velocity deviations. Since the method
is based on P wave arrivals, this particular program does
not make use of later phases such as pP and S in the de-
termination ¢€ depth or location. Results are shown on the

Event Description page.

Data and Results

Table 2 summarizes the measurements made o.' the princi-
pal phases from the TURF event. Included are .uie Pn and P
arrival times, the inaximum ampl .tudes (A/T) of Pn or P and
Pg motion as seen on the short-period vertical instruments,
and the maximum amplitudes (A/T) of the Lg phase as measured
on the short-period horizontal tangential component. Long-
period Love and Rayleigh wave motion are also tabulated in
(A/T) form. Thirty-six stations recorded short-period
signals. Long-period signals from this event were recorded
by thirty-two stations.

In addition, Table 2 and Figure 2 show the unified
magnitudes (m) where measurable. The average magnitude for
TURF is 4.95. Six stations show ompressional first motion

as defined by the First Motion Criteria (TWG II).

il

The travel-time residuals from the Pn and P phase are

within the usual limits (see Figure 3). The amplitudes of

i n&ﬁi*!’iﬁif" L
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Pn and P, Pg and Lg are shown in Figures 4, 5 and 6. Lines

proportional to the inverse cube of the distance visually
fitted through the observed points are shown on these graphs.

Love and Rayleigh wave amplitudes are shown in Figures 7

and 8.

Attacned to the report are illustrative seismograms

showing the signals recorded at a number of locations. The

most distant station analyzed that recorded TURF was GG-GR

at a distance of 9094 kilometers.

e L
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24 April 1964
20110:00.22
Magni- Obasrved Period Maximum ™G II  [magni-
Code Station o‘:::"“ Inat. fication Mhese TraveiLTine T Anplitude Pirat tude
) (x) tein) | (aec) (sec) L% nation [9)
Pilm x 10
EX-NV Cureka, Ravade 231 e 2.30 | & 35.9 0.5 708 < 5.10
58 2.30 L] 38.0 9.6 1300
* s 2.30 rg 40.8 0.6 4010
sre 2.30 . 50.1 0.7 3430
srr 2.60 L9 0.8 11,450
Lre 30.0° 14 ] 10.0 190
« NV Mine. Navade 23 s 2.30 ’m 6.2 0.65 1180 [ $.32
i ors 2.30 . 8.4 0.8 2517
s 2.30 rg 40.6 0.8 45%4
srr 2.10 L9 0.7 6370
L 4. 1w 8.5 1410
Lrs 2.9 LR 12.0 862
w-yr Kenab, Uteh 207 s 5.34 m 4.2 0.6 3%0 4 5.08
[ 41 5.34 . 45.4 0.5 441
s $.34 . 46.5 0.4 236
sre $.34 g (47.8) 0.6 4349
s 5.20 g 0.5 5256
LPR .8 1743 10.0 424
Lrs 3.9 LR 13.0 368
JR=AB Jerome, Arizona 448 e 112¢ m 01 {03.6) 0.6 €1.0 4.90
sre .68 rg o1 10.5 0.% 1180
sm 7.5¢ w 0.6 819
L 12.) w 20.0 59.0
Lre 10.5 i LR 14.0 144
:
LG=22 Long Valley, Arizona 309 ore 15.1 m 01 11.4 0.8 53.7 $.00
(] 15.1 s o1 18.2 0.9 97.8
s 15.1 [ o1 19.8 0.8 159
[ ] 15.1 rg 01 {25.8) 0.6 538
s 11.7 Lg 1.0 1318
L 4.4 1w 10.0 228
Lre 12.1 LR 14.5 118
Tonto Forest
kyg ] 537 ©’z-71 160 m o1 15.1 0.4 12.3 4.44
CETX, (R sPe-1 40.3 . o 25.6| 0.6 0.2
ors-1 40.) rg o1 30.5 0.7 392
i 5.25 17 1.% 87
Lrs: .00 LR 14.0 258
SH-AS Sunflower, Arisone 53 s’z 22.) 4 o1 4.8 0.7 4.6 [ 4.89
sz 22.) . 01 10.1 0.6 76.5
5re 22.) rg [} 30.4 0.7 524
s 23.2 b2 ] 0.8 657
. LM 8.75 1w 12.0 79.1
Lrs 9.7% LR . 11.0 338
WG AB Winalow, Arisona a5 21.8 m 01 16.8 0.45 17.7 4.64
21.0 [ 01 18.2 0.6 31
21.0 [} 01 30.0 0.0 131
d 21.0 rg 01 31.6 {0.b) {1024)
21.8 [ o1 40.6 {1.0) {1032)
21.6 g 0.6 {93))
1.0 LR 10.0 364
WL-AZ Kazlini. Arizone $97 sPS 1.85¢ Mm 01 22.0 {0.7) {48.¢ {5.17}
P 9.00* g 01 41.% 0.6 417
srr 4.66° 12} 0.0 1520
Lrs 5.98 LR 13.0 190
GE-AS Globe, Arizone 626 e .4 m 01 {26.9) {0.7) {9.69) (4.53)
sP2 40.8* rg 01 44.0 1.0 300
srr 32.1* 12} 1.0 218
Lrs 11.0 LR 12.0 183
Uinta Baain
U0 865 93-10 {35.3*) | 4 0l 33.3 0.8 {15%) [ 5.69
O5eenatosyoRuteh $#5-10 (35.3%) g 0 s8] o2 016)
Lre 30.0 LR 12.0 241
nL2ID Heiley. Ideho 726 srs 3s5.8 M o1 ~)8.2 0.6 7.20 4.47
srs 35.8 [ ] 01 40.5 0.55 38.7
s 35.8 [ ] 01 4.0 0.5 6.7
"z 5.0 rg 02 {0s.%) 0.6 222
srr 34.0 g 0.6 nl
Lrz 17.5 LR 12.0 86.4
DR-CO Durengo, Colorado k)] srs 39.7 ’m 01 39.% 0.4 18.5% 4.99
s 39.7 L[] 0 41.6 0.6 2%.8
e 39.7 rg 02 {01.8) 0.6 2%0
srr $2.2 L9 0.8 289
Lrs 21.) LR 13.0 8s5.0
PI-wY Pinedale., Wyoming 810 80.8 m 01 50.5% 0.8 30.6 .33
60.8 . 01 s51.8 1.0 179
60.8 rg 02 14.7 0.8 22%
. 64.0 Lg 1.0 {633)
9.90 LK 12.0 821.%
Slue Mountein
| 1 ] 062 rs-1 600 m o1 56.8 0.7 14.0 [ 5.19¢
Observatory, Oregon spz-1 103e g 02 23.4 0.9 152
E L?S 38.0 LR 16.0 67.0
LC-NM Lea Cruces, Vew Mexico 1012 s 99.2 m 02 17.9 1.0 6,00 4.99
i 99.2 L) 02 32.8 0.8 9.30
£l 9.2 b ] 02 {48.3) 1.1 123
srr 105 17 (1.1 (7.7}
= Lrz $3.5 LR 16.U . 86.)
5
= [ ']
E Principal Phases - TURF
=% -
Table 2 ~ Page 1
B = = e mre————
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20:10:00.28
Kagrl- Cheerved verlod | mawimom | WO IT | megnid
Code Statlon oistance Irat. tlcation hase Travel Tine ) Amplltude | Pire: tude
(cm) (x) (sec) Iv. 3 Mot .on (n)
Pllm x 10 {mln) (aec}
NT-MM haton, New Maxico 1042 s 167 ™ 02 (19.6) 0.3 2.20 4.5
s T 167 [ 02 23.6 {0.8) 7.20
. e 167 ] 02 $4.2 .l 133
e 141 9 1.2 200
s 17.1 R 16.0 42.%
PR-MA Porsyth, Montana 1278 ”»s 127 4 02 (46.0) 0.9 .0 5.64
" i [ 02 5%.4 1.0 60.9
- e 13% 1 7] 1.0 81.4
irs 20.7 LR 13,0 5€.9
= TK-WA Tonasket, Washlngton 1338 srz kL)% 4 02 34.% 0.9 1.1 5.16
m’ 51 [ 0 08.9 1.2 31.3
s 1% [ 03 24.8 1.0 22.8
arr kL)Y L9 1.4 80.5
i 36.8 LR 1.0 3.6
QI-MA Glandive, Mcatans 1481 [ 3] 113 4 0 11.4 1.0 22.2 5.2%
ws 118 [ 0 21.8 1.1 38
": 113 . 03 30.) 0.8 48.7
e 109 Lg (1.0) (64.0)
Lrs $.04 LR 13.0 4.2
JU-TX Juno, Texas 1591 ars s 4 0) (27.7) 11 50.4 s5.21
i 378 . c3 338 1.2 50.9
ar 386 Lg 1.2 54.5
Wichlta Mountelns
WigD 1597 ars-3 256 4 03 8.7 1.4 30.8 4.98
Ry CHEm 2980 . 0 s | 1 1.8
256 [ 04 41.0 1.2 4).9
i 3040 9 2.0 (182.7)
LM 2.0 7] 14.0 16.6
% ¢ ] 19.0 LR 20.0 23.6
- Ryder, NWorth Dakota 1700 0 3.3 4 03 (44.1) 0.8 10% 5.20
a8 9.8 [} 03 54.7 1.0 97.3
s 29.4 (Lg) {1.6) 1139)
i pUN ) R 13.0 30.4
V-1 arapevina, Texee 1799 ars 1n.% 4 0) 53.8 (1.2) (70.9) 4.7%
arn 43.1 9 1.2 203
L 20.7 LR 13.0 vl.6
ER-KD Nannah, Morth Dakots 1921 ars 3l.8 | 4 o4 06.9 1.2 256 5.0
£ 24 ] n.s [ 04 19.7 {0.6) (108)
{ srr .4 7] (1.6) (187)
. Lr3 13.8 LR 14.0 32.3
Zast Braintres.
-y 2148 sre 214 4 Oa 26.5 0.3 11.2 4.0%
dasitoba grsnsds m 214 . 04 s | 1.0 18.7
[ 1s]) 214 . 04 5.1 0.6 19.1
”ws 214 [ 08 ce.C 0.9 15.7
* ws 214 8 o7 54.2 1.0 23.4
srr 200 {Lg} 2.0 65.6
J8~LA Jens. Loulslana 2281 ez 50.1 (¢ 3] 04 4.6 {0.4) (80.0) (4.9%)
(3.3 50.8 Ly (1.6) (172)
Lz 9.9% LR 13.9 83.4
RK-0N cl:.wm onts “lo, 23 srz 200 ] 04 45.1 1.1 m 5.3
sre 200 [} 04 49.0 v.8 (s8.7)
82 200 [} 04 1.0 0.9 7.8
s 159 Ly 1.4 36.7
RI-AL Rutew, Alebama 2609 i 8.30 LR 1%.0 37.9
Cumberlend Pleteeu
creo 2730 -3 310 4 0% 21.8 0.9 17.2 4.59
Obssxvetory RTencesses sre-s 1o . 03 23.2 | <o (19.9)
3-8 310 L] 03 27.2 0.8 (12.9)
sr3-8 310 [ 06 8.8 (1.4) {17.7)
s 340 9 1.1 21.0
rn 1%.0 LR 13.0 8.7
BL-wW Beckley. Wast Virginie Jo%? arz %6.1 4 0% 48.7 (0.6) (6.40) (4.36)
e 53.8 9 1.6 43.3
irs 10.? LR 120.0) (24.1)
BR-PA Bszrlin, Penneylvenie 3236 srs 137 4 06 03.2 1.1 22.9% 4.9%
1A £ 21.2 LR 12.0 131
oR-NY Delhl, Mew York 3542 are 52.8 1 4 0€ 21.3 (0.9) (7.96) {4.60)
Lrs 18.0 LR 1%.0 2.9
LS-NH Lisbon, New Hempshlre 3767 L 17.4 7] 18.0 10.%
Lrs 17.7 LR 13.0 77.%
BR-NZ Houlton. Maine 406) §PZ 147 4 07 07.6 1.0 29.0 5.01
Lr 14.3 LR 16.0 22.6
Mould Bey, Nort) mat
NP-¥T 4382 ar2 228 ) 4 07 29.8 1.0 30.7 4,89
N Territories, Censde sz 228 p 07 4.8 0.7 10.8
ar 228 [ o8 9.1 1.9 13%.0
LE-BV La Pas, Bnlivie 1728 8P3-6 178 4 11 {11.4) (1.1) (6.00) (4.73)
QG~GR Grafenberg. Germany 9094 sr2-3 7.1 1 2 12 {22.4) {0.8) ‘ (12.9) {4.98)
AT m/aec
[ Compressional
() Doubttul Valuas or Phases
S Messurements Made from Plevoute . .
Principal Phases - TURF
Table 2 - Page 2
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Unified Magnitude: m = 10910 (p/T), + B

where A = zero to peak ground motion in millimicrons
= (mm) (1000)
K
T = signal period in seconds
B = distance factor (see Table below)
mm = record amplitude in millimeters zero to
peak
K = magnification in thousands at signal
frequency
Table of Distance Factors (B) for Zcro Depth
Dist Dist Dist Dist
(deq) B (deq) B (deq) B (deq) B
° - 27° 3.5 54° 3.8 80° 3.7
1 - 28 3.6 8l 3.8
2 2.2 20 3.6 29 I 82 3.9
3 2.7 Jo - dotd 83 4.0
4 3.1 30 3.6 57 3.8 84 4'0
: 31 3.7 58 3.8 :
5 3.4 32 3.7 59 3.8 85 4.0
6 3.6 33 3.7 86 3.9
7 3.8 34 3.7 22 g'g 87 4.0
g :'g 35 3.7 62 4.0 gg 2'3
* 36 3.6 63 3.9 :
10 4.3 37 3.5 64 4.0 90 4.0
11 4.2 38 3.5 91 4.1
12 4.1 39 3.4 22 i'g 92 4.1
i g'g 40 3.4 67 4.0 gz :'i
+ . 41 3.5 68 4.0 :
15 3.3 42 3.5 69 4.0 95 4.2
16 2.9 43 3.5 96 4.3
17 2.9 44 3.5 ;2 g'g 97 4.4
ig i'g 45 3.7 72 3.9 gg :'2
) 46 3.8 73 3.9 :
20 3.0 47 3.9 74 3.8 100 4.4
21 3.1 48 3.9 75 3.8 101 4.3
22 3.2 49 3.8 76 3.9 102 4.4
;i g'g 50 3.7 77 3.9 igi 2'2
¢ 51 3.7 78 3.9 e
25 3.5 52 3.7 79 3.8 105 4.7
26 3.4 53 3.7

Unified Magnitudes From Pn or P Waves

Aprpendix I(B)
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Pp o d = Maximum
a b—L.. -L
+ 4
'
a y ¢
d
Bottom of line ‘L
Maximum

Pg

‘r Bottom of l4ne I

Detail Showing Allowance

For Line Width
Maximum

i

T

Pick time of Pn at beginning of "a" half cycle.

Pick amplitude of Pn as maximum "d/;" within 2 or 3 cycles of "c¢".

Pick amplitudes of Pg and Lg at maximum of corresponding motion,

Seismic Analysis Diagram
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FIRST MOTION CRITERIA
TECHNICAL WORKING GROUP II (TWG II)

Excerpt from Appendices to Hearings before the Special Subcommittee
on Radiation and the Subcommittee on Research and Development of the
Joint Committee on Atomic Energy; 86th Cong., 2d Sess.; April 19-22,

1960; on Technical Aspects of Detection and Inspection Controls of a
Nuclear Weapons Test Ban; Part 2 of 2 Parts, pp 632-633:

*2. JIdentification of Earthguakes

A located scismic event shall be ineligible for inspection if, anc
only if, it fulfills one or more of the following criteria:

a. Its depth of focus is establishe:d as below 60 kilometers;

b. Its epicehtral location is established to be in the deep open
ocean and the event is unaccompanied by a hydroacoust.c signal consistent
with the seismic epicenter and origin time;

T ec. Tt is established within 48 hours to be a foreshock by the
occurrence of a larger event :»7 at least magnitude 6 whose epicenter
coincides with that of the given event within the accuracy of the
determination of the two epicenters. The eligibility of the second

event for inspection must be determined separately.

d. The directions of clearly recorded first motions define a
pattern which strongly indicates a faulting source. First motions
recorded at distances between 1100 kilometers and 2500 kilometers will
not be used. First motions beyond 3500 kilometers will not be used for
events of magnitude smaller than 5.5. The apparent direction of first
motion must alsc meet both the following minimuw conditions to be
considered to be clearly recorded:

(1) The amplitude of the half-cycle of apparent first motion
is at least two (2) times as large as any half{-cycle of apparent noise
in the preceding few minutes, and

(z) The largest of the amplitudes of the half-cycle of
apparent first motion and the two immediately following half-cycles:

(a) at epicentral distances less than 700 kilometers is
twenty (20) times larger than any half-cycle of noise in the preceding
few minutes;

(b) at epicentral distances more than 700 kilometers is
forty (40) times larger than any half-cycle of noise in the preceding
few minutes.

A pattern of clearly recorded first motions strongly indicates a
faulting source if the observed motions, extended backward to a small
sphere about the focus, can be separated into alternate quadrants by
two orthogonal great circles drawn on the small sphere, with the
requirement that two opposite quadrants combined (i) contain at least
4 clearly recorded rarefactive first motions and (ii) contain not
more than 15% compressions among the clearly recorded first motions.”

Appendix III
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Application of the TWG II Criteria

Examples:

1. Compression a

3. Rarefaction

700 < 4 <1100 Km

A < 700 Km

A < 700 Xm. Example shows
what may be interpreted to
be earlier signal; however,
motion is less than 2 times
the noise level and may be
interpreted as noise.

Appendix III
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Application of the TWG II Criteria

b

4., Rarefaction
A<7006 Km

Similar to Example 3.

| 5. Not applicable b
A pMAANA W 4 <700 Km
, Amplitude of first
ac 3 half-cycles is less

than 20 times noise.
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